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SEARCH FOR CHARGE SYMMETRY VIOLATION I N  n-p SCATTERING 
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The concept of charge symmetry of nuclear  fo rces  ( i )  f o r  unpolarized beam and unpolarized t a r g e t ,  t he  
( i . e . ,  invar iance  under r e f l e c t i o n  through the  1-2 po la r i za t ion  of neutrons s c a t t e r e d  a t  c.m. angle 
plane i n  i sosp in  space) has impl ica t ions  beyond t h e  8 must be equal  t o  t h a t  of t h e  protons r eco i l i ng  
usual ly  spec i f i ed  requirement of equal  n-n and p-p a t  t h e  supplementary angle ,  
nuclear  p o t e n t i a l s .  Spec i f i ca l ly ,  it a l s o  p roh ib i t s  ~ ~ ( 8 )  = pp(r-8) ; 
isospin-mixing i n  t he  n-p system. Henley and ~ i l l e r ' )  ( i i )  f o r  polar ized  beam on unpolarized t a r g e t  and 
correspondingly d i s t i ngu i sh  two c l a s se s  of pos s ib l e  unpolarized beam on polar ized  t a r g e t ,  t he re  is 
charge-symmetry breaking (CSB) fo rces ,  namely, those  (by arguments analogous t o  f i g .  l a )  a s i m i l a r  
which a f f e c t  only t he  n-n and p-p systems (Class 111, equa l i t y  f o r  t h e  analyzing powers, 
with i sosp in  p a r t s  symmetric under interchange of t h e  %(el  = ~ ~ ( r - 8 ) ;  
two nucleons),  and those  which a f f e c t  only n-p (Class ( i i i )  f o r  beam and t a r g e t  both 100% polar ized  normal 
I V ,  with anti-symmetric i sosp in  and sp in  dependence). t o  t h e  s c a t t e r i n g  plane,  t he  l e f t - r i g h t  asym- 
Although t h e r e  is  p re sen t ly  no d i r e c t  evidence of  CSB metry (E) of t he  s c a t t e r i n g  a t  any angle must 
I 
i n  nuclear  fo rces ,  small  CSB terms of both c l a s se s  a r e  
expected from various meson-exchange cont r ibut ions  t o  
t he  nucleon-nucleon and may be p a r t l y  n 
respons ib le  f o r  t h e  well-established anomalies i n  
Coulomb energy d i f f e r ences  between p a i r s  of mir ror  
nuc l e i .  CHARGE SYMMETRY (8) = C$ (w-8) 
We a r e  planning t o  ca r ry  out  a s e n s i t i v e  experi-  AND CJ (8) = C$ (w-8) 
mental t e s t  of charge symmetry i n  intermediate-energy HENCE 
(Elab 200 MeV) n-p s c a t t e r i n g .  The g rea t  advantage 
over a comparison of n-n and p-p r e s u l t s  is t h e  ab- 
(b) 
sence of a Coulomb i n t e r a c t i o n  whose overwhelming con- 
t r i b u t i o n  t o  apparent  CSB e f f e c t s  must be very ca re fu l ly  
subt rac ted .  The electromagnetic sp in-orbi t  coupling 
of t h e  two nucleons is s t i l l  present  i n  t h e  n-p system, 1. CHARGE SYMMETRY j q; (0) = q b  (8) 
but does not  present  a fundamental problem, s ince  i t s  AND (8) = U+[ (8) 
cont r ibut ion  t o  CSB e f f e c t s  is  p rec i se ly  ca l cu l ab l e  2) 2. ROTATION INVARIANCE 4 Oj; (0) = qR (8) 
AND a;: (9) = ql (9) 
and tu rns  out  t o  be comparable i n  magnitude t o  t he  ex- 
1.+2. TOGETHER : q,'- (8) = of (el ,  q; cel = q,R (el 
pected meson-exchange e f f e c t s  f o r  En IL 200 MeV. The 
impl ica t ions  of charge symmetry (plus r o t a t i o n a l  in- HENCE 
variance) f o r  po l a r i za t ion  observables i n  n-p s c a t t e r -  Figure I .  Schematic i ZZustration of the imp Zications 
of charge symnetry (plus rotationaZ invcrriance) for 
i ng  a r e  indica ted  schematical ly i n  f i g .  1: poZarization observabZes i n  n-p scattering. 
vanish i f  t he  beam and t a r g e t  sp ins  a r e  oppo- 
s i t e l y  d i r ec t ed ,  
€++(8)  = €++(8 )  = 0. 
An observed devia t ion  from any of t he  above 
e q u a l i t i e s ,  over and above the  expected e f f e c t  from 
the  electromagnetic sp in-orbi t  coupling, would con- 
s t i t u t e  a c lean  s igna tu re  of a  Class I V  CSB nuclear  
force .  The t h r e e  requirements above a r e  c lo se ly  re-  
l a t e d  t h e o r e t i c a l l y  { e.g. ,  E++ (8) = PA(@)/ (1-Cnn(8)), 
where AA(8) = An(8) - %(n-8) and Cnn(8) is a spin- 
co r r e l a t i on  parameter);  but experimental ly t he  pro- 
posed t e s t  of condi t ion  ( i i i )  appears t o  al low t h e  
most e f f e c t i v e  minimization of sys temat ic  measurement 
e r r o r s .  I n  t h e  a c t u a l  experiment, of course,  t h e  beam 
and t a r g e t  po l a r i za t ions  (Pb and Pt) w i l l  be substan- 
t i a l l y  smal ler  than 100%. Simultaneous measurements 
over a broad range of  s c a t t e r i n g ' a n g l e s ,  centered 
about t h e  zero-crossing angle  (8,) of t he  average 
analyzing power A(8) I 1/2{ (&(€I) + Ap (n-8) 1 ,  w i l l  
a l low high  s e n s i t i v i t y  t o  CSB without  r equ i r ing  ac- 
cu ra t e  knowledge of Pb and Pt. 
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Figure 2. Phase-shift caZcuZations o f  the average A(8) 
and of the difference A( 8) of neutron and ppoton 
anaZyzing powers for n-p scattering a t  E z ~  = 200 MeV. 
P-wave and d-wave isospin-mixing parameters are taken 
from re f .  3. 
I n  f i g .  2 we show a phase-shif t  p r ed i c t i on  of A(8) 
and AA(8) f o r  n-p s c a t t e r i n g  a t  Elab = 200 MeV. The 
s i n g l e t - t r i p l e t  ( isospin-)  mixing parameters used f o r  
p- and d-waves i n  t h i s  ca l cu l a t i on  were taken from a 
p red i c t i on  by  erste en^) of t he  e f f e c t  of t h e  n-p mass 
d i f f e r ence  on single-pion exchange. The d e t a i l s  of t h e  
CSB mechanism i n  Gersten 's  work a r e  not  c l e a r ,  but  t he  
shape of t he  predic ted  AA(8) angular  d i s t r i b u t i o n  i n  
t h e  v i c i n i t y  of  €lo(= 90° a t  t h i s  energy) is e s s e n t i a l l y  
model-independent. This shape is determined by the  
known (charge-symmetry conserving) n-p s c a t t e r i n g  ampli- 
tudes and by the  p-wave dominance of t he  CSB amplitude 
a t  En 'L 200 MeV. The s ign  and magnitude of AA, on t h e  
o the r  hand, a r e  model-dependent. The ca l cu l a t i on  i n  
f i g .  2 shows AA(e0) = - 0.005. Calcula t ions  based on 
o the r  meson-exchange e f  f e c t s 2 )  g ive  maximum values of 
( A A ~  = 0.001 - 0.002. A number of diagrams known t o  
con t r ibu t e  t o  CSB have not  y e t  been q u a n t i t a t i v e l y  
evaluated.  The proposed experiment would be s e n s i t i v e  
t o  va lues  of I A A ~  ? 0.001. 
Although the  maximum magnitude of AA is l i k e l y  t o  
/ 
i nc rease  with increas ing  bombarding energy above En = 
200 MeV, ca l cu l a t i ons  suggest  t h a t  t h e  angular  d i s t r i -  
bution of AA(8 - eO) w i l l  become l e s s  favorable  f o r  
measurements, and a l s o  more s e n s i t i v e  t o  d-wave con t r i -  
but ions ,  which may be apprec iable  f o r  some CSB fo rces  
but  not  f o r  o the r s .  I n  add i t i on ,  t he  occurrence of 8 0 
so  c lo se  t o  90' a t  En = 200 MeV allows a n u l l  experi-  
+ -+ 
ment on p - p s c a t t e r i n g  t o  be performed under t he  same 
condi t ions  and using t h e  same appara tus  a s  w i l l  be used 
i n  t he  - 5 measurement. We thus  expect  t he  s i g n i f i -  
cance of a measurement t o  t h e  proposed p rec i s ion  t o  be 
optimized a t  En r 200 MeV. 
A t  p r e sen t ,  we have i n i t i a t e d  purchases of ma te r i a l s  
needed f o r  some of t h e  major equipment items ( t h e  ten ta-  
t i v e  experiment layout  is  shown i n  f i g .  3 ) .  The polar- 
ized  proton t a r g e t ,  t o  be cons t ruc ted  by the  Universi ty 
Figure 3. Proposed layout o f  the polarized neutron beam l ine  and apparatus for the charge synunetry t e s t .  A 
detection array ident ical  t o  that  shown w i Z Z  be placed synunetricaZZy t o  the beam r igh t .  
of Wisconsin contingent, will follow the "spin refrig- *university of Wisconsin, Madison, WI 53706. 
erator" design reported in ref. 4 .  The neutrons and 1) E.M. Henley and G.A. Miller, in Mesons in Nuclei, 
edited by M. Rho and D. Wilkinson (North-Holland, 
protons will be detected in coincidence in symmetri- to be published). 
cally placed large-area detector arrays, providing 2) C.Y. Cheung, E.M. Henley, and G.A. Miller, Nucl. 
Phys. A305, 342 (1978); E.M. Henley and G.A. 
information on both opening angle and coplanarity in Miller (private communication). 
order to discriminate against events from quasi-free 3) A. Gersten, Phys. Rev. G, 2252 (1978). 
scattering off the heavier nuclei present in the tar- 4) J. Button-Shafer, R.L. Lichti, and W.H. Potter, 
Phys. Rev. Lett. 2, 677 (1977). 
get. It is expected that the actual measurements will 
be initiated sometime in 1981. Preliminary runs, 
prior to the availability of the polarized neutron 
beam or polarized target, will be used to test de- 
tectors and electronics, and to determine the level 
to which we can discriminate against the quasi-free 
scattering background. The initial run with the polar- 
ized beam and target will provide the first measure- 
+ + 
ments of n-p spin-correlation parameters in this 
energy region. 
